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Abstract 
Over the past two decades, the impact of disasters has been devastating, affecting 4.4 billion people, resulted in 1.3 
million causalities and $2 trillion in economic losses. Post-disaster reconstruction and rehabilitation is a complex 
process with several dimensions. Government, nongovernmental, and international organizations have their own 
stakes in disaster recovery programs, and links must be established among them as well as with the community. 
Concerning post-disaster reconstruction scenario, the most significant factor is prompt decision making based on 
best possible information available. Effective sustainable post-disaster response is crucial and lies at the heart of 
disaster management agencies in almost every cautious country around the globe. 
Development is a dynamic process and disasters provide the opportunities to vitalize and/or revitalize this process, 
especially to generate local economies, and to upgrade livelihood and living condition. The success of the 
reconstruction phases, i.e., rescue, relief, and rehabilitation, is mainly dependent on the availability of efficient 
project teams and timely information to make informed decision. By having the knowledge-based system to make 
well-informed decisions, combined with the efficiency of a project team and strong coordination, project success 
should increase. 
This paper presents a theoretical framework of a knowledge-based approach for enhancing prompt and effective 
sustainable disaster management. The conceptual model consists of two main IT based components of knowledge- 
based system, i.e., a knowledge-base and a decision support shell for making more informed decisions for effective, 
timely and sustainable response in post-disaster reconstruction scenarios. The system is expected to assist in 
improving reconstruction project processes, coordination, and team building process because the most likely areas 
on which to focus can be identified during the early stage of the post-disaster scenario. Tapping into the past 
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experiences of post-disaster scenarios, the knowledge-based system provides a wealth of pertinent and useful 
information for decision makers and will eventually enhance collaborative ventures for sustainable disaster 
management. 
The system would be helpful for emergency response management teams to take proactive measures by learning 
from past similar experiences, making informed decisions related to team building and project coordination 
processes undertaken by disaster management agencies. Professionals need to work in close cooperation with each 
other to give rise to a better and more efficient system for sustainable disaster management. Hence, the study is 
valuable for all professionals involved with research and development of sustainable disaster management strategies. 
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1. Introduction 
Integrating disaster risk reduction into sustainable development strategies, by strengthening risk assessment, 
disaster prevention and humanitarian responses, will be critical to protecting the gains of development, particularly 
among those most deprived [1]. The complex and multi-faceted processes of post-disaster recovery and 
reconstruction extend well beyond the immediate period of restoring basic services and life support infrastructure. 
While immediate restoration of services can be a matter of weeks, full recovery can stretch out 10-15 years [2].  
Post-disaster reconstruction and rehabilitation is a complex issue with several dimensions. Many professionals in 
both fields tend to focus on planning and immediate response and have only recently begun to consider the 
requirements and opportunities inherent in long-term mitigation and reconstruction [3]. Government, 
nongovernment, and international organizations have their own stakes in disaster recovery programs, and links must 
be established among them, as well as with the community [4]. In other words, a post-disaster rehabilitation and 
recovery programs should be seen as an opportunity to work with communities and serve local needs. Relief and 
development often leads to burdens on the recipient government, and also often fails to serve the actual purpose and 
to reach the people in need. 
To minimize the damages caused by disasters, various efforts are taken by government, international communities 
including donor agencies. However, in spite of participation of these sectors during the project period, it has been 
observed that many of the disaster management programs have failed to be sustainable at local level after the 
completion of the project. Without sustainability, disaster management efforts will not preserve. A critical element 
of sustainable disaster management is communities’ participation in these activities. The most common elements of 
community involvement are partnership, participation, empowerment and ownership by the local people [5]. 
Environmental management professionals are now concentrating on the sustainability of environmental quality 
and environmental improvement; emergency managers and planners are re-focusing their efforts on the survivability 
of systems, organizations, and communities [3]. Sustainability and survivability are, in truth, two aspects of the same 
concept, namely: how to encourage and achieve continual improvement in ecosystems, the built environment, and 
human society [6]. Both environmental management and emergency management have much to contribute to, and to 
gain from, the planning and implementation of post-disaster reconstruction. 
Understanding the urban vulnerabilities is as complex as managing a disaster and is an essential step in 
developing an effective disaster management system. The bigger the vulnerability the bigger will be the impact of 
the natural and manmade disasters.  Urban vulnerability within the context of the effective emergency response 
indicates that an urban texture will face a critical situation if confronted with any type of disaster. In order to identify 
and classify vulnerable urban areas it is essential to study the urban areas based on the type and level of vulnerability 
with an integrative vision to understand the urban infrastructure and its social, cultural and interconnected complex 
layers [2]. 
The rehabilitation process has three major stages i.e., Principles and Planning, Implementation, and Ensuring 
Sustainability [7]. Rehabilitation was not just a short term, gap filling exercise. There is a huge amount of 
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information flow between professionals involved in the rehabilitation project [8]. The process is initiated by setting 
up the basic principles for planning the rehabilitation intervention. The process has to be participatory, with a 
gradual increase in the involvement of the community. The implementation stage of the post-disaster reconstruction 
project consists of three steps i.e., need assessment, capacity building, and implementation. The effort initiated by 
the professionals involved in post-disaster reconstruction project needed to be sustainable long after the interventions 
were over. In effect, intervention should have been designed to ensure that the community was able to take care of 
its development needs and was resilient against future disasters. For this, strengthening local institutions is necessary 
[7]. 
Increasing discussions and debates within disaster mitigation interest groups have raised questions regarding the 
practicality of adopting developmental approaches to disaster reconstruction [9]. The chaos surrounding the disaster 
period following a disaster could easily lead to short-term and hasty decisions adversely affecting the community’s 
ability to achieve sustainable, long term reconstruction goals [10]. To minimize the occurrence of these unwise 
decisions, it is important to plan proactively for post-disaster restoration in order to provide general guidance for 
decision-makers and a framework for the professionals involved in reconstruction processes [11]. For proactive 
plans and decisions, an integrated approach is required that may empower to implement the developed 
reconstruction strategy and monitor its results and progress. 
The recent sudden increase of natural disasters has taught many valuable lessons [11]. Unfortunately, the need for 
preparedness is greater than ever before, given the increasing frequency and worsening intensity of weather-related 
storms and the escalation of technological threats. No geographical area is immune or protected from the threat of 
emergencies and disasters. The importance of a proactive approach in responding to a disaster scenario in term of 
learning from past projects cannot be overstated. Pre-planning with local public safety and emergency response 
agencies can decrease confusion when a jobsite incident occurs [12]. A quick response due to proper pre-planning 
and preparedness can expedite saving lives and rehabilitation process. 
Numerous researches suggested that factors about IT considerations and communications continuity should be 
defined and stored because the link between a source and consequence is mainly determined by these factors [7,12, 
13]. As the decisions need to be made in short time, the availability of prompt and useful information has the highest 
potential to affect future decisions [14]. Lessons learnt with respect to those rather controllable factors may result in 
better management of emergency risks in the forthcoming projects. Further, it is clear that the major benefit of the 
approach is not the development of a fit-for-all emergency preparedness plan but rather capitalizing on past 
experiences of similar projects and customizable strengths and weaknesses based emergency preparedness plan, 
which is dynamic in nature [14, 15]. 
Information is a pre-requisite in all research and development activities, and can be regarded appropriately as the 
life-blood within which business interactions unfold. Knowledge acquisition is the major bottleneck in the industry 
[8]. In view of the transfer and acquisition of knowledge and experience, a Decision Support System (DSS) can help 
to disperse the knowledge and experience and make these more widely, easily, and quickly available for assisting in 
the decision making processes. The decision aid can also facilitate the knowledge-acquisition process once it has 
acquired the necessary knowledge and experience and transferred these into a usable form [16]. The decision aid 
also enables the professionals to consider more factors that can affect project team formation during the decision 
making process, conduct more thorough decision processing, and influence their preferred information [8]. 
Information technology (IT) has become strongly established as a supporting tool for many professional tasks in 
recent years. One application of information technology, namely the knowledge-base system, has attracted 
significant attention requiring further exploration as it has the potential to establish the close coordination between 
construction processes, based on the expertise of the decision-makers. A knowledge-base is a system that can 
undertake intelligent tasks in a specific domain that is normally performed by highly skilled people [17]. Typically, 
the success of such a system relies on the ability to represent the knowledge for a particular subject. Concerning the 
post-disaster reconstruction scenario, the most significant factor is the prompt delivery of materials and pertinent 
team building based on best possible information available. 
As mentioned earlier, reconstruction projects are complex because they involve many resources and variables 
[17]. They usually have ranges of short to long duration, various uncertainties, and complex relationships among the 
participants. The integration of resource allocation knowledge and experience at the early design phase provides the 
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best opportunity to improve overall project performance [13]. From the outset, project strategies and philosophies 
should take advantage of lessons learned from past similar projects. 
Learning from the past projects is very important because professionals can improve and apply their experience in 
the future [18]. No projects can be executed without people. Not even the purest, technical project. The more the 
world moves into a knowledge society, the more obvious it is that managing people in projects is equally important 
as managing the technical and financial side [8]. 
Today, lessons learned are that we should not let the pendulum swing too much to any one side. If it swings, it 
must do so in harmony with which we happen to be, in the lifetime of the project we are working on. In the first 
place, the development phase and the type and the size of the project should affect the pendulum’s amplitude and 
direction [8]. Next it is clearer now that this undulation of the pendulum is as much a responsibility of the project 
manager as it is a random phenomenon, desirable or undesirable. In the future, modern project management will 
probably have to incorporate this responsibility to ensure that the swings (or leadership) of the pendulum are both 
sensible and beneficial [16]. 
Development is a dynamic process, and disasters provide the opportunity to vitalize and/or revitalize this process, 
especially to generate local economies, and to upgrade livelihood and living condition. The success of the 
reconstruction phases, i.e., rescue, relief, and rehabilitation, is mainly dependent on the availability of an efficient 
project team and timely information for informed decision [16]. It is suggested that a knowledge management 
system may assist in improving reconstruction project processes, coordination, and team building process because 
the most likely areas on which to focus to reduce unwise decision can be identified during the early stage of the post-
disaster scenario [13]. Tapping on the past experiences of post-disaster scenarios, the knowledge management 
system provides a wealth of pertinent and useful information for decision makers and may eventually enhance 
collaborative ventures. By having the knowledge-base and a systematic way to make well-informed decisions, 
combined with the efficiency of a project team and strong coordination, project success should increase [19]. 
 
2. Knowledge-based approach for Sustainable Disaster Management 
An important key to the success of information technology applications is the ability to provide users with the 
right information at the right time [20]. The alternatives amongst which a decision must be made can range from a 
few to a few thousand. The decision maker needs to narrow the possibilities down to a reasonable number [21]. 
Decision support, such as selective information retrieval systems, can help with this task. Computers can evaluate 
alternatives, especially when the alternatives can be presented in numerical terms. Even when this is not the case, the 
computer can assist the decision maker in presenting the alternatives in a form that facilitates the decision [13]. 
Rapid access to remote information, such as consulting experts or available resources, is often necessary for 
making informed decisions [19]. The sophisticated analyses that a knowledge-base can provide becomes an 
important factor in making good and valuable decisions. If professionals have a knowledge-base established based 
on past similar projects, it would assist the Emergency Response Management (ERM) team to plan effectively 
before starting a reconstruction project.   
2.1. Empowering Emergency Response Management Team 
Emergency response team is the backbone of any effective response management system in a post-disaster 
scenario. In case of a disaster, the concerned response team requires accurate and timely information to assess their 
line of action. If the ERM team has access to relevant information/knowledge regarding similar disaster scenarios 
that would help them learn from past responses and strategize even a better response next time.   
An effective management system include capacity to anticipate, recognize, evaluate, resolve, control, document, 
and learn from past projects in ways that support the overall viability of the project [15]. The ERM team can 
improve and apply their experience in future projects; hence learning from the past projects is imperative. This 
would help the ERM team in taking proactive measures for reducing potential mistakes. The system should also 
provide a platform to collaborate and share learning a global level. The true empowerment of an EMR team would 
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be the freedom and ability to make informed decisions, considering available resources and expertise, in responding 
to emergency situations.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Basis for developing IT based system for enhancing emergency response management 
 
As shown in Figure 1, the basis for developing a model for the knowledge-base for enhancing prompt response 
and coordination in post-disaster response management and reconstruction projects was to utilize a knowledge-base 
platform for sharing knowledge of effective management [15]. The project team would be able to carry out the 
structured process based on the six effective management principles. The most integral part of this model is the 
knowledge-base that assists in carrying out the process for emergency response management. Here it is therefore 
important to understand that the knowledge-base is not designed to make decisions for users, but rather it provides 
pertinent information in an efficient and easy-to-access format that allows users to make more informed decisions. 
The system provides more relevant evidence and facts to facilitate the ERM team in making well-informed and 
timely decisions.  
The knowledge-based approach would help the ERM team in identifying the needs, assessing the available 
resources and the timeliness of bringing these resources together. The system would assist ERM teams in 
recognizing the resources along with their limitations and constraints, which would help in assigning right resources 
to the right domains for an effective response to post-disaster scenarios. It is utmost important to monitor and control 
the relief and rescue and rehabilitation activities so that the people in need receive appropriate help and also for 
effective accountability of the ERM team.  And as mentioned earlier, learning and sharing the lesson learned would 
keep the proposed system effective, efficient and more beneficial for all stakeholders.  
Like any building project, every post-disaster reconstruction project involves a multi-player environment and 
represents a collaborative effort among specialists from various independent disciplines. The knowledge-base can 
assist ERM team in making strategic decisions by presenting useful information and interpretations for various 
alternatives. The knowledge-base would be capable of providing interpretation of knowledge, based on the rule-
based reasoning (RBR) approach. The system can be used by ERM team to help make more informed decisions 
regarding the management of project’s resources by providing access to pertinent and timely information. This 
would eventually assist ERM team in improving chances of timely response and successful completion of 
reconstruction projects because the potential lack of coordination issues can be identified at the early stage of team 
development when the impact of change is not severe [8].  
Considering the abovementioned issues, a knowledge-base is proposed for empowering ERM team by developing 
effective project teams and suggesting strategies managing reconstruction projects in an efficient way. An important 
role of a knowledge-base is to provide useful information for users to analyze scenarios and to make informed 
decisions. The main components of the knowledge management system are shown in Figure 2, the data was 
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collected from various sources, i.e., ERM organizations, reconstruction project documents, site data, academia 
source documents, and peers evaluation documents. This data was stored in a database. From the database, the data 
was sieved through an inference engine for developing the knowledge-base. Eventually, the knowledge-base 
provided decision support to the project teams for making more informed decisions for effective selection of project 
teams and successful management of reconstruction projects [8]. 
The knowledge-base would contain pertinent information for post-disaster response management and 
reconstruction projects. The system would be able to present detailed information about the resources utilized: 
management decisions made, changes made during project implementation, and project teams who worked on 
similar ERM projects, and reconstruction projects in the past. Furthermore, the system would present the available 
pool of experts in the academia and industry. The filtered knowledge and analyses provided by the knowledge-base 
would assist in selecting appropriate expert teams, resources, approval processes, and prioritizing activities based on 
past experiences in similar projects. The knowledge-base would also be capable of storing the feedback on the 
ongoing projects, carry out analyses on the available information, and present results for decision making process by 
the concerned professionals [8].   
 
 
 
Fig. 2. The main components of a knowledge management system 
 
The knowledge-base can be developed in the MS Excel environment using numerous macros for developing the 
user-interface that carry out stipulated functions. These are incorporated within a controls selection shell. The 
Graphical User Interface (GUI) assists users in interacting with the system at every level of the knowledge 
management system. In addition, the GUI and inference engine will maintain the compatibility between layers and 
the decision shell. The knowledge management system provides an extremely fast response to the queries based on 
Rule-Based Reasoning (RBR). As mentioned earlier, the system would be capable of displaying information 
pertinent to resources, reconstruction strategies, designs, expertise available, and their relevant in-depth details: a 
variety of filtered knowledge, and various analyses of the knowledge available. The knowledge-base is able to assist 
project managers by providing accurate and timely information for decision making, and a user-friendly system for 
analyzing the present pool of human resource or experts in a particular area and selecting the best possible team, 
resources, materials, and designs for carrying out post-disaster reconstruction projects [8]. 
Moreover, the system is also intelligently capable of organizing, computing, and updating valuable information in 
all the layers automatically with every new project added. The user-interface assists in updating the system with new 
information on every level of the knowledge-base. The information and various filters that can be applied to the 
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knowledge-base developed may assist the professionals in learning from past projects for enhancing the chances of 
successful implementation of response measures and reconstruction projects. 
 
3. Conclusions 
Over the past two decades, the impact of disasters has been devastating, affecting 4.4 billion people, resulted in 
1.3 million causalities and $2 trillion in economic losses [1]. In future, trillions of dollars of new business investment 
will pour into hazard-exposed regions, largely determining the outlook for disaster risk. In most economies, only 15–
30 percent of this investment is made directly by the public sector.1 How the other 70–85 percent of investment is 
made, therefore, has far-reaching consequences on disaster risk accumulation and on underlying risk drivers [1]. 
Growing convergence of public and private initiatives to model and estimate disaster risks is beginning to underpin 
these efforts. Disaster risk management platforms and applications are now being developed to allow businesses to 
incorporate these data into their investment decisions. Accurate risk data, in turn, facilitate the development of 
insurance markets, with appropriate pricing that encourages risk-sensitive investment [1].  
The complex and multi-faceted processes of post-disaster recovery and reconstruction extend well beyond the 
immediate period of restoring basic services and life support infrastructure. It is utmost important to identify 
enhancements to environmental assets/resources that support long-term recovery and reconstruction, to identify 
recovery options for environmentally sensitive areas that may serve to mitigate future disaster damage, to identify 
and reconcile the tradeoffs between environmental enhancement opportunities and disaster-resistant construction and 
development practices, and to adapt and apply the process of environmental auditing and performance measurement 
to recovery and reconstruction [22]. 
Reconstruction usually requires building a large number of shelters within a shortest possible time using limited 
available resources. Practical action discerned early in the rebuilding phase, that there was dire need to ensure 
construction timeliness, quality, have competent construction tradesmen, minimize use of construction material, and 
use construction technology that is readily replicable. Although every disaster management activities have their own 
specific conditions, professionals can still obtain certain useful information from past experiences. This information 
will enable professionals to better ensure that their project goes smoothly without making unwarranted mistakes and 
it should be helpful to improving the performance of post-disaster reconstruction projects.  
A knowledge-base is a system that can undertake intelligent tasks in a specific domain that is normally performed 
by highly skilled people. Typically, the success of such a system relies on the ability to represent the knowledge for 
a particular subject. Post-disaster reconstruction and rehabilitation is a complex issue with several dimensions. 
Government, non-governmentals and international organizations have their own stakes in disaster recovery 
programs, and links must be established among them, as well as with the community. Concerning the post-disaster 
reconstruction scenario, the most significant factor is the prompt and pertinent team building, resource allocation, 
materials selection, and shelter designs based on best possible information available. Useful and timely information 
lies at the heart of successful project management of any construction project. Effective post-disaster response is 
crucial and lies at the heart of disaster management agencies in almost every cautious country around the globe. 
This paper presents a theoretical framework of a knowledge-based approach for enhancing prompt and effective 
sustainable disaster management. The conceptual model consists of two main IT based components, i.e., a 
knowledge-base and a decision support shell, for making more informed decisions for effective management of post-
disaster reconstruction projects. The system is expected to assist in improving project coordination and ERM team 
building processes because the most likely areas on which to focus to reduce unwise decision can be identified 
during the early stages of the reconstruction project.  
The research contributes to existing body of knowledge on disaster management. The knowledge-based approach 
would assist in developing an inventory of strategies adopted by the ERM team in various disaster scenarios. This 
would provide an excellent platform for researchers, professionals and academicians to explore the proven strategies 
and tap on these to develop and innovate new technologies and tools that would eventually assist in effective and 
timely response to emergency scenarios.   
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Effective post-disaster response is crucial and lies at the heart of the emergency response management agency in 
almost every cautious country around the globe. Tapping on the past experiences of post-disaster scenarios, the 
knowledge management system provides a wealth of pertinent and useful information for decision makers and will 
eventually enhance collaborative ventures. By having the knowledge-base and a systematic way to make well-
informed decisions, the efficiency of ERM team and the likelihood of strong coordination and eventually project 
success should increase. The study would assist professionals from academia and industry involved in ERM research 
and reconstruction projects. Professionals need to work in close cooperation with each other to give rise to a better 
and more efficient system. Hence, the study is valuable for all the professionals involved with ERM research and 
post-disaster reconstruction projects. 
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